Essential oils extracted from dried leaves of Cupressus dupreziana A. Camus, an endemic species in the Tassili n'Ajjer (Central Sahara of Algeria), were analyzed by gas chomatography coupled to mass spectrometry (GC-MS). Analyses were carried out on 164 trees of 26 natural populations in order to determine the intra-specific variability. Thirty-two terpenoïds were identified, the major ones being α-pinene (11.5 -44.2), Δ 3 -carene (5.7 -31.7) and germacrene-D (15.7 -54.1). The terpenoid markers used made it possible to determine the individual patterns of chemotypic variability. This variability confirmed that genetic factors were not responsible for the decrease in the number of this species, the main reason probably being the Tassili n'Ajjer desertification.
The genus Cupressus (family Cupressaceae) is represented in Algeria by one widely endemic species, C. dupreziana A. Camus, found in the south of the country, namely in Tassili n'Ajjer. This species, which occurs in very dry regions, is listed by the International Union for the Conservation of Nature and Natural Resources as an endangered species [1] .
The climatic conditions, as well as human activities, seem to be the main factors reducing the diversity of this species. The two hundred and thirty recorded specimens are relics and aged more than ten centuries [2] . On the other hand, the ancient cypress of Tassili is likely to die without regenerating itself in situ. Little information about natural populations of C. dupreziana is available, and most studies reported on this cypress tree were carried out on specimens grown in botanical gardens. A critical botanical review of this species has been made by Barry et al. [3] . Phytochemical investigations of C. dupreziana have been limited to the isolation and identification of terpenes and fatty acids [4a,4b] . Studies of the essential oils led to the identification of 18 terpenoids [5] . There have been reports on the essential oil isolated from the leaf [4a,6a,6b] , on the leaf hydrocarbons [7] , and on the oxygenated mono-, sesqui-and diterpenes of the wood [4b,5] .
The studies of Pierre-Leandri et al. [8] showed that the main components of the oils of seven cultivated Cupressus species are α-pinene, Δ sabinene, have found α-pinene and Δ 3 -carene as the major components of C. dupreziana. Several genetic studies on the species are currently being conducted [9a-9e] .
The aim of this study was the identification and comparison of the oil compositions and determination of the relationship between the cultivated (Djanet population) and natural populations (Tassili n'Ajjer). This study included twenty-six natural populations of Tassili n'Ajjer and a population of individuals planted in the Djanet gardens. The essential oils were obtained by hydrodistillation from the leaves of C. dupreziana, with an average yield of 0.30% (w/w) ( Table 1 ). This is much lower than that obtained from Algerian C. sempervirens (0.52%) [10a] and that of Cameronian cypress (1%) [10b].
The essential oils from C. dupreziana were analyzed by GC-MS. The identified terpenoids accounted for 90% with respect to the total terpenoid weight. The composition of the oils from wild and cultivated plants differed only quantitatively. Thirty-two compounds were characterized, with varied concentrations, particularly of α-pinene (between 11.5 and 44.2%), Δ 3 -carene (5.7% to 31.7%), and germacrene D (15.7% to 54.1%).
The average concentrations of the remaining compounds are low, such as phellandrene
Further analyses revealed the presence of variability within and among populations. The compounds found in the Tassili cypress generally resembled those previously reported for other cypress species [11a-11e] . However, in our study, the populations had a higher concentration of α-pinene, Δ 3 -carene and germacrene-D, with an exception concerning the single population from Djanet, which has a cedrol content similar to the chemotypy that has been observed in several North American Cupressus species [11b] . Terpenoid markers allowed the detection of chemotypic variations in most of the terpenoids. α-pinene, germacrene-D and Δ 3 -carene, in particular, show significant variability (Figure 1 ).
Principal components analysis (PCA):
Principal components analysis (PCA), which aimed to find correlations between the twelve variables, pointed out three eigenvectors accounting for 91.4% of the total variation present in the original data. The first two eigenvectors represent 56.6% and 20.7% respectively. (Tihanked, Ikerfafadaoune, Allaghindment, Tamrit, Adarintaklit populations) is characterized by α-muurolene. The Amazar population, which grows in humid gritty soils, differs from the Awarneni population, which grows on rocky slabs. The ordination of population means obtained for the three vectors is shown in Figure 2 .
All these populations showed high α-pinene levels and low quantitative variations in all their components. Mono-and sesquiterpenoid variability reflects the heterogeneity of the genetic structure of C. dupreziana populations [12] .
Cluster analysis:
The analysis was carried out using twelve terpenoids, including some that had been shown in other species of Cupressus to be under genetic control. The dendrogram, based on UPGMA clustering (Manhattan distance), shows the presence of many groups and the separation of populations is not clear, confirming the result obtained from ACP analysis (Figure 3 ).
The UPGMA confirmed the above observations. In particular, it confirmed that the Tamrit and Tinharwida populations were very similar in terpinoid content. This could indicate that populations are genetically close. Another similarity was found between the populations of Ineledje and Allossar, Amazak and Tintafeteste, Ikerfafadaoune and Allaghindmente, Tintarout and Tarout, Tichwinet and Ingharouhane, Inhatime and Reyeye, and Canyon and Tefetest.
Aggregation of Tassili n'Ajjer populations into small groups is an indication of terpenoid variability in this species. The diversity of the terpenoid contents reflects the existence of considerable genetic variability [13a, 13b] .
Analysis of natural cypress populations, focusing on terpenoids, would provide a useful complement to morphological, fitness-related trait studies. Data on the genetic variability of species, based on their terpenoid contents, combined with information about the ecological requirements would be of great interest, since it would provide a means for preserving and managing the natural populations. The present analyses of C. dupreziana showed the presence of considerable terpenoid variability within the cypress populations studied. The UPGMA analysis of terpene traits confirms this variability, but no clear-cut trends between geographical location and genetic structure can be identified on the basis of these findings. The populations growing in Tassili n'Ajjer form a large reservoir of genetically diverse material. The cypress population in Djanet is the most highly differentiated and has considerable regenerative capacity. It would, therefore, be perfectly possible to conserve this species outside its natural territory. In the Tassili n'Ajjer itself, under the present climatic conditions, the preservation and conservation of the existing specimens may be possible provided that the harmful effects of human activities are seriously reduced and controlled.
In brief, essential oils analysis carried out on 164 individuals of C. dupreziana showed both intra-and interpopulation variability in their terpenoid content, with reference to the abundance of α-pinene, germacrene-D and Δ 3 -carene
Experimental
Plant material: The aerial parts of C. dupreziana were collected in April 2005 from the Tassili n'Ajjer and from a planted stand in Djanet. A voucher specimen is deposited in the Herbarium of the Biology Department of Ferhat Abbas University (Algeria). Leaves and branches were dried at room temperature for 7 days, and were used for testing. The study is based on the analysis of a random sample of green branchlets of 164 trees from 26 sites in Tassili n'Ajjer ( Figure 4) .
Essential oil analysis:
The essential oils were extracted by hydrodistillation of dried plant material using a Clevengertype apparatus for 3 h. The oils were stored in sealed glass vials at 4-5°C prior to analysis. The yields were calculated based on the dry weight of the sample. The essential oils were analyzed on a Hewlett-Packard gas chromatograph Model 5890, coupled to a Hewlett-Packard MS model 5871, equipped with a DB5 MS column (30 m X 0.25 mm; 0.25 μm). The apparatus was set from 50°C, held for 5 min, and then increased at a rate of 5°C/min followed by a 5 min hold. Helium was used as the carrier gas (1.0 mL/min). Other test conditions were: injection in split mode (1:30), injector and detector temperature: 250°C and 280°C, respectively; MS in electron impact mode at 70 eV, electron multiplier: 2500 V, ion source temperature: 180°C. The MS were acquired in scan mode in the m/z range 33-450. The compounds detected by GC in the different essential oils were identified by comparing their retention indices with those of reference compounds in the literature, and confirmed by GC-MS by comparison of their MS with those of reference substances [14a-14c] .
Statistical analysis: Twelve terpenoids were obtained in sufficiently large quantities to perform statistical analysis [15] . Data were first subjected to Principal Components Analysis (PCA). Cluster analysis (UPGMA) was carried out on the original variables and on the Manhattan distance matrix to investigate hierarchical associations among the populations. Statistical analyses were carried out using Statistica 8 software. 
